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INTEGRITY OF THE
WATER RESOURCE

“Principal Goal of the Clean Water Act

The Five Major Factors Which Determine the 
Integrity of Aquatic Resources

From Chisholm 2000

Different Flows Perform Different Functions…

From Chisholm 2000

InstreamInstream Flow Applications Should Flow Applications Should 
Address 5 Ecosystem Components:Address 5 Ecosystem Components:

Hydrology Hydrology (magnitude, frequency, duration, timing, (magnitude, frequency, duration, timing, 
rate of change)rate of change)

Geomorphology Geomorphology (channel process, sediment (channel process, sediment 
transport)transport)

Biology Biology (habitat, population relationships)(habitat, population relationships)

Water Quality Water Quality (temperature, dissolved oxygen, (temperature, dissolved oxygen, 
contaminants, etc)contaminants, etc)

Connectivity Connectivity (pathways for water, organisms, energy)(pathways for water, organisms, energy)

Flow management is inter-disciplinary

Instream Instream Flow Assessment ToolsFlow Assessment Tools

Hydrology IHA, RVA

Geomorphology Channel Maintenance, Flushing Flow Empirical,
Geomorphic Classification, HEC-6, HEC-RAS

Biology

2-Dimensional Models, Aquatic Base Flow,
Biological Response Regressions, Feeding
Station, Flow Duration Curve Methods, IBI,
PHABSIM, Plunge Pool, RCHARC, R2-CROSS,
Tennant, Toe Width, Wetted Perimeter

Water Quality QUAL2E, SS/SNTEMP, TMDL, 7Q10

Connectivity Floodplain Innundation, Migration Cue, Salmon
Barrier, Tidal Distributary/Estuary

Multiple
Component

Demonstration Flow Assessment, Florida Spring
Flow, IFIM

(Instream Flow Council 2001)
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Two Ways of Setting Flow Two Ways of Setting Flow 
Targets (Targets (StalnakerStalnaker, 1995), 1995)

Standard SettingStandard Setting
Low controversy projectLow controversy project
ReconnaissanceReconnaissance--level level 
planningplanning
Few decision variablesFew decision variables
InexpensiveInexpensive
FastFast
RuleRule--ofof--thumbthumb
Less scientifically Less scientifically 
acceptedaccepted
Not wellNot well--suited for suited for 
bargainingbargaining

IncrementalIncremental
High controversy projectHigh controversy project
ProjectProject--specificspecific
Many decision variablesMany decision variables
ExpensiveExpensive
LengthyLengthy
InIn--depth knowledge depth knowledge 
requiredrequired
More scientifically More scientifically 
acceptedaccepted
Designed for bargainingDesigned for bargaining
Based on fish or habitatBased on fish or habitat

Types of Types of InstreamInstream Flow Assessment Flow Assessment 
toolstools

Tool Description 
 

Examples 
 

Baseline 
 
Establishes environmental 

or reference conditions 

 
RVA 

IBI, IHA 
 

Standard-setting 
 

Sets limits or rules to 

define a flow regime 

 
Tennant 

ABF, Wetted Perimeter 

R2-Cross 
 

Incremental 
 
Analyzes single or multiple 

variables to enable 

assessment of different 

flow management 

alternatives  

 
IFIM, 

PHABSIM,MESOHABSIM 

RCHARC, SNTEMP 

Demonstration Flow 

Assessment 
 

Monitoring / Diagnostic 
 
Assesses conditions and 

how they change over time 

 
IBI, HQI, IHA 

                                                      (Instream Flow Council 2001) 

Standard Setting ApproachStandard Setting Approach

Quickly generates a single point thresholdQuickly generates a single point threshold
No predictive functionNo predictive function
Based on relatively generic information Based on relatively generic information 
Does not support negotiated solutionsDoes not support negotiated solutions
resulting standards are not siteresulting standards are not site--specificspecific

Incremental ApproachIncremental Approach

Quantifies both habitat and water use tradeQuantifies both habitat and water use trade--offoff
alternatives across a spectrum of flowsalternatives across a spectrum of flows

Predicts a range of effects rather than only onePredicts a range of effects rather than only one

Based on scientific and siteBased on scientific and site--specific input specific input 
Supports negotiated solutionsSupports negotiated solutions
takes longer than Standard Setting approachtakes longer than Standard Setting approach

Incremental Incremental vs.vs. Standard SettingStandard Setting

Brook trout habitat suitability
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ASSESSMENT OF HABITAT, FISH COMMUNITIES, 
AND STREAM FLOW REQUIREMENTS FOR HABITAT
PROTECTION, IPSWICH RIVER, MASSACHUSETTS, 1998-99

Several standard-setting instream flow methods were compared. 
1. Tennant Method
2. Aquatic Base Flow (ABF) Method
3. Wetted Perimeter Method
4. R2CROSS Method
5. Range of Variation Approach (RVA)

Streamflow data for the Tennant and ABF methods and the Range 
of Variation Approach (RVA) were determined from HSPF model 
simulations for streamflow with no-withdrawals and 1991 land use 
(Zarriello and Ries, 2000). The  Tennant and R2CROSS methods 
require field data collection at riffles.
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Tennant MethodTennant Method

Seasonal periods based on western Seasonal periods based on western 
hydrologyhydrology
HabitatHabitat--flow relationship not verified for flow relationship not verified for 
northeastnortheast
Can include flushing flows but does not Can include flushing flows but does not 
address channel maintenanceaddress channel maintenance

Tennant Method
Recommended Base Flow Regimens

October - March April - September

Health of
Habitat

% of AAF Equivalent VT
cfs/sq. mi. Value

% of AAF Equivalent VT
cfs/sq. mi. Value

Flushing Flow 200% 3.5 200% 3.5

Optimum 60-100% 1.1 - 1.8 60-100% 1.1 - 1.8

Outstanding 40% 0.7 60% 1.1

Excellent 30% 0.5 50% 0.9

Good 20% 0.35 40% 0.7

Fair 10% 0.2 30% 0.5

Poor 10% 0.2 10% 0.2

Severe
Degradation

<10% <0.2 <10% <0.2

Note: The statewide average annual flow in Vermont is 1.77 cfs/sq. mi.

Aquatic Base FlowAquatic Base Flow

Uses hydrologic statistic as a surrogate for aquatic Uses hydrologic statistic as a surrogate for aquatic 
habitathabitat
Office technique used to sustain habitat during Office technique used to sustain habitat during 
low flow season low flow season 
Median August flow set as the minimum flowMedian August flow set as the minimum flow
Seasonal ABF adds the April/May median for Seasonal ABF adds the April/May median for 
spawning and February median for fall/winter spawning and February median for fall/winter 
flowsflows
Habitat dynamics, connectivity and floodplain Habitat dynamics, connectivity and floodplain 
integrity ignored integrity ignored 

New England Aquatic Base Flow (ABF) New England Aquatic Base Flow (ABF) 
MethodMethod

Recommends the August median flow and where Recommends the August median flow and where 
applicable, seasonal median flows for spawning and applicable, seasonal median flows for spawning and 
incubationincubation
For rivers lacking adequate gage data, “default” For rivers lacking adequate gage data, “default” 
regional average values are used or site specific studies regional average values are used or site specific studies 
may be done.may be done.

Season Period Median Flow
Standard

Default
(cfs/mi2)

Fall/winter Oct 1 - Mar 31 February 1.0

Spring Apr 1 - May 31 April/May 4.0

Summer Jun 1 - Sep 30 August 0.5

New England Aquatic Base Flow (ABF) New England Aquatic Base Flow (ABF) 
MethodMethod

Assumptions:Assumptions:
–– Aquatic life has evolved to survive “typical” Aquatic life has evolved to survive “typical” 

low flows August low flows August 
–– Historical median of monthly mean flows Historical median of monthly mean flows 

during spawning and incubation periods will during spawning and incubation periods will 
protect reproduction protect reproduction 

–– Gage records come from 48 Gage records come from 48 gagedgaged watersheds watersheds 
where flow is unregulated, larger than 50 SM where flow is unregulated, larger than 50 SM 
and 25 years of recordand 25 years of record

Mad River Daily Flow Hydrograph
Summer  1975
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Mad River Daily Flow Hydrograph
W ater Year 1975
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NE Flow Policy

Apse Connecticut “ABF” MethodApse Connecticut “ABF” Method

Selected 10 Connecticut rivers which are Selected 10 Connecticut rivers which are 
wholly unregulated or slightly regulatedwholly unregulated or slightly regulated
At least 30 years of recordAt least 30 years of record
Watershed areas between 4.1 and 203 Watershed areas between 4.1 and 203 
square milessquare miles
Calculate monthly numbers using FWS Calculate monthly numbers using FWS 

approach for Jul.approach for Jul.--Sept. (median of monthly Sept. (median of monthly 
means)/ median of daily for Oct.means)/ median of daily for Oct.--June)June)

Figure 6:  Proposed Connecticut Interim Instream Flow Standard vs. 
USFWS New England Aquatic Base Flow Standard
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Wetted PerimeterWetted Perimeter

Assumes that adequate habitat is provided Assumes that adequate habitat is provided 
by the flow that wets the channel bottom by the flow that wets the channel bottom 
and begins to rise up the banksand begins to rise up the banks
Wetted perimeter in riffles is graphed Wetted perimeter in riffles is graphed 
versus flowversus flow
The “breakpoint” on the graph is the flow The “breakpoint” on the graph is the flow 
recommendationrecommendation

Wetted Perimeter Method
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(Stalnaker et al. 1995)

Wetted PerimeterWetted Perimeter

SiteSite--specific; moderate field effortspecific; moderate field effort
No gage data requiredNo gage data required
Selection of the breakpoint can be subjectiveSelection of the breakpoint can be subjective
Selection of transect site is critical; level of Selection of transect site is critical; level of 
protection can varyprotection can vary
Application of a single flow does not maintain Application of a single flow does not maintain 
hydrologic variabilityhydrologic variability
Habitat dynamics, channel processes, connectivity Habitat dynamics, channel processes, connectivity 
and floodplain integrity ignoredand floodplain integrity ignored
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R2R2--Cross, or Habitat Retention MethodCross, or Habitat Retention Method
Habitat is assessed based on hydraulic criteria measured in the Habitat is assessed based on hydraulic criteria measured in the 
shallowest portion of stream riffles. The flow that meets these shallowest portion of stream riffles. The flow that meets these 
criteria is assumed to be adequate in noncriteria is assumed to be adequate in non--riffle areas as well.riffle areas as well.
Hydraulic models are generally used to predict these criteria ovHydraulic models are generally used to predict these criteria over er 
a range of flowsa range of flows..

Stream Width
(ft)

Average
Depth (ft)

Average
Velocity (fps)

% Wetted
Perimeter

1-20 0.2 1.0 50

21-40 0.2 - 0.4 1.0 50

41-60 0.4 - 0.6 1.0 50 - 60

61-100 0.6 - 1.0 1.0 70

R2R2--Cross, or Habitat Retention MethodCross, or Habitat Retention Method

Moderate field work requiredModerate field work required
No gage data requiredNo gage data required
Application of a single flow does not Application of a single flow does not 
maintain hydrologic variabilitymaintain hydrologic variability
Habitat dynamics, channel processes, Habitat dynamics, channel processes, 
connectivity and floodplain integrity connectivity and floodplain integrity 
ignoredignored

Hydrologic StandardsHydrologic Standards

Hydrologic statistics used as surrogate for aquatic Hydrologic statistics used as surrogate for aquatic 
habitathabitat
Inexpensive and easy to useInexpensive and easy to use
Often focus only on a minimum flowOften focus only on a minimum flow
Habitat dynamics, channel processes, connectivity Habitat dynamics, channel processes, connectivity 
and floodplain integrity ignoredand floodplain integrity ignored
Not siteNot site--specific; level of resource protection variesspecific; level of resource protection varies
Altered watersheds will yield altered gage dataAltered watersheds will yield altered gage data

Indicators of Hydrologic Indicators of Hydrologic 
AlterationAlteration

Uses hydrologic records to quantify changeUses hydrologic records to quantify change
Office technique useful for monitoring Office technique useful for monitoring 
changechange
Used to pinpoint aspects of the hydrologic Used to pinpoint aspects of the hydrologic 
regime deviating significantly from the regime deviating significantly from the 
natural hydrographnatural hydrograph

Indicators of Hydrologic Indicators of Hydrologic 
AlterationAlteration

Define Define gaginggaging data series (predata series (pre-- vs. post)vs. post)
Calculates values for each of 32 ecologicallyCalculates values for each of 32 ecologically--
relevant hydrologic attributes.relevant hydrologic attributes.
Examples: frequency and duration of high and low Examples: frequency and duration of high and low 
pulses, magnitude and duration of annual extreme pulses, magnitude and duration of annual extreme 
water conditions  water conditions  
Compute interCompute inter--annual statistics.  Compute annual statistics.  Compute 
measures of central tendency and dispersion for measures of central tendency and dispersion for 
each of 32 attributeseach of 32 attributes
Calculate values of the Calculate values of the IIndicators of ndicators of HHydrologic ydrologic 
AAlterationlteration

Summary of hydrologic parameters used in the Index of 
Hydrologic Alteration, and their characteristics.

•Magnitude of Monthly Magnitude Mean value for each calendar 
month

•Water Conditions Timing

•Magnitude and Duration of Magnitude Annual minima 1-day 
means

•Annual Extreme Water Duration Annual maxima 1-day means

•Conditions Annual minima 3-day means
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Summary of hydrologic parameters used in the Index of 
Hydrologic Alteration, and their characteristics.
•Annual maxima 3-day means
•Annual minima 7-day means
•Annual maxima 7-day means
•Annual minima 30-day means
•Annual maxima 30-day means
•Annual minima 90-day means
•Annual maxima 90-day means

•Timing of Annual Extreme Timing Julian date of each annual 1-
day maximum

•Water Conditions Julian date of each annual 1-day minimum

•Frequency and Duration of Magnitude # of high pulses each year

•High/Low Pulses Frequency # of low pulses each year

Summary of hydrologic parameters used in the Index of 
Hydrologic Alteration, and their characteristics.

•Duration mean duration of high pulses within each year

•Mean duration of low pulses within each year

•Rate/Frequency of Water Frequency means of all positive 
differences between

•Consecutive Condition Changes Rate of change daily values

•Means of all negative differences between
•Consecutive daily values

•# of rises
•# of falls

Standard Setting CautionsStandard Setting Cautions
Standards are policy choicesStandards are policy choices
Standards are approximate and so must be Standards are approximate and so must be 
resourceresource--conservativeconservative
Standards must address more than just minimum Standards must address more than just minimum 
flows. flows. A flatA flat--line flow regime does not maintain line flow regime does not maintain 
river healthriver health
Standards should consider the 5 ecosystem Standards should consider the 5 ecosystem 
components (water quality, hydrology, biology, components (water quality, hydrology, biology, 
geomorphology, connectivity)geomorphology, connectivity)
Standards should consider the need for intraStandards should consider the need for intra-- and and 
interinter--annual flow variability annual flow variability 

InstreamInstream Flow Incremental Flow Incremental 
Methodology (IFIM)Methodology (IFIM)

Determines effects of incremental changes Determines effects of incremental changes 
in stream flow on:in stream flow on:
–– DepthDepth
–– VelocityVelocity
–– SubstrateSubstrate
–– CoverCover

Relates effects of changes in physical Relates effects of changes in physical 
components of habitat to suitability of these components of habitat to suitability of these 
changes for various fish specieschanges for various fish species

Components of IFIM

Habitat 
Model 
Development

Impact Assessment

Hydraulic 
Model 
Development

Biological 
Model 
Development 
(HSC’s)

Physical Habitat SimulationPhysical Habitat Simulation
(P(P--HABHAB--SIM)SIM)

Developed by USFWS to support IFIMDeveloped by USFWS to support IFIM--type analysestype analyses

A physical model of stream hydraulics and habitatA physical model of stream hydraulics and habitat

quantitatively relates changes in stream flow to habitat quantitatively relates changes in stream flow to habitat 
suitabilitysuitability
Data should be used to inform incremental approach but notData should be used to inform incremental approach but not
be slavishly adhered to be slavishly adhered to 
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What goes into a PHABSIM What goes into a PHABSIM 
model?model?

Physical features of stream Physical features of stream 
channelchannel
Hydraulic simulation of Hydraulic simulation of 
depth, velocity and wetted depth, velocity and wetted 
areaarea
Habitat use rating criteriaHabitat use rating criteria
Best results occur from Best results occur from 
comprehensive scopingcomprehensive scoping

One transect is located within each One transect is located within each 
longitudinal celllongitudinal cell

pool

riffle

run

T-1 T-2
T-3

T-4

T-5

transect Ttransect T--1 (1 (looking downstreamlooking downstream))

Top of bank

Toe of bank

Edge of water
Thalweg

headpintailpin

Water surface

Verticals are located along each transect to capture Verticals are located along each transect to capture 
key substrate and profile featureskey substrate and profile features

Top of bank

Toe of bank

Edge of water
Thalweg

headpintailpin

Verticals and cell boundaries act to divide each Verticals and cell boundaries act to divide each 
segment into a mosaic of known areassegment into a mosaic of known areas

pool

riffle
T-1 T-2

T-3

T-4

T-5

Calibration flows are gathered across the Calibration flows are gathered across the 
flow range of interestflow range of interest

High flow (WSL only)

mid flow (WSL and velocities)

low flow (WSL and some velocities)
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This allows for a broad simulation flow rangeThis allows for a broad simulation flow range

Habitat Suitability Criteria for Depth
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from from BoveeBovee, , et alet al, 1998, 1998
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Weighted Usable AreaWeighted Usable Area

WUA = WUA = the area of stream (per 1,000 linear ft) the area of stream (per 1,000 linear ft) 
that is suitable habitatthat is suitable habitat

WUA = WUA = wetted area of wetted area of cellcella   a   (sq ft) * SI (suitability index value) + …… (sq ft) * SI (suitability index value) + …… 
+ + wetted area of cellwetted area of celli i * SI (suitability index value) * SI (suitability index value) 

SI = 1.0 is optimal,     SI = 0.0 is unsuitableSI = 1.0 is optimal,     SI = 0.0 is unsuitable

SI = (SI = (SiSi depthdepth) () (Si Si velocityvelocity) () (Si Si cover/substratecover/substrate))

What comes OUT of a PHABSIM What comes OUT of a PHABSIM 
model ?model ?

Figure ___. Narraguagus River IFIM Study. Juvenile Atlantic salmon habitat and flow relationship in  lower river 
(Reach No. 4) riffles  (Sq Ft per 1,000 ft of stream).
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Figure ___. Narraguagus River IFIM Study. Habitat and wetted area vs. flow relationship in  lower river (Reach No. 4) 
riffles  (Sq Ft per 1,000 ft of stream).
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HydroHydro--morpological morpological units*units*
RiffleRiffle
RapidRapid
CascadeCascade
GlideGlide
RunRun
Fast RunFast Run
PoolPool
Plunge PoolPlunge Pool
BackwaterBackwater
Side armSide arm

** Modified from Modified from Bisson Bisson & Montgomery (1996), & Montgomery (1996), Doloff Doloff et al. (1993)et al. (1993)
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Target communityTarget community

Fallfish

White sucker

Common
shiner

Longnose dace

E blacknose dace

Tessellated darter

Yellow perch

Pumpkinseed

American eel

Target Community

Other

Bain & Meixler 2000

Section 1

Section 1a

Section 2

Section 2a
Section 3 Section 4

Section 5

Section 6

Section 7

Section 8

Section 10

Establish of  habitat selection criteria
- good quality rivers
- regionally valid set 
- seasonal

FALLFISH
Presence (76% ) Beta

BOULDER 1.95
SHADING -1.07
DEPTH 0-25 cm -1.76
VELOCITY 45-60 cm/s 1.06
RUN -0.57

High abundance (60% )
Overhanging 
vegetation -0.97

WHITE SUCKER
Presence (95%) Beta

DEPTH 75-100 cm 5.01
DEPTH 50-75 cm 2.19
MESOLITHAL              
(small cobble) 1.62
UNDERCUT BANK 1.66

High abundance (66%)
Depth 75-100 7.62

LONGNOSE DACE
Presence (92% ) Beta

RIFFLE 2.05
FAST RUN 2.45
XYLAL (wood) 4.60
RIPRAP 2.29

High abundance (73% )
VELOCITY 45-60 cm/s 3.35

BLACKNOSE DACE
Presence (94% ) Beta

DEPTH 0-25cm 3.03
BOULDER 2.57
SHADING -1.44
SHALLOW MARGIN 1.65
PELAL (mud) 3.09
VELOCITY 45-60 cm/s 1.46
Submerged 
vegetation -1.44

High abundance (79% )
MICROLITHAL             
(small gravel) -4.20

COMMON SHINER
Presence (80% ) Beta

BOULDER 1.71
RIPRAP 1.40
SHADING -1.48
DEPTH 50-75 cm -1.23

High abundance (69% )
BOULDER 1.68
SHADING -1.01

Target community spawning criteriaTarget community spawning criteria

GravelGravel
AkalAkal, , 
micromicro

Fast waterFast water
>45>45

44--8 8 
inchesinches
<20<20

Shallow rifflesShallow rifflesAbout About 
70F70F

Late Late 
MayMay--
JulyJuly

BlacknoseBlacknose
DaceDace

Males guard Males guard 
territories, but territories, but 
no nest is builtno nest is built

Pebbles Pebbles 
over 5cmover 5cm
MesoMeso

Strong/Over Strong/Over 
45 cm per 45 cm per 
secondsecond

22--4inches4inches
(5(5--10cm)10cm)
<15<15

Riffles, runs with Riffles, runs with 
gravel bottomgravel bottom

11.7 C11.7 CJune June 
and and 
early early 
JulyJuly

LongnoseLongnose
DaceDace

Eggs are Eggs are 
covered by the covered by the 
parent with parent with 
gravelgravel

Gravel/sGravel/s
mall mall 
stonesstones
AkalAkal, , 
micro, micro, 
mesomeso

SlowSlow
<=20<=20

ShallowShallow
<50<50

Quiet poolsQuiet poolsover over 
14.4C14.4C

April April 
2727--
June June 
1010

FallfishFallfish

Likes to spawn Likes to spawn 
over nests of over nests of 
other speciesother species

Gravel/SGravel/S
andand
AkalAkal, , 
psamalpsamal, , 
micromicro

SlowSlow
<=20<=20

1313--44mm44mm
(under 5)(under 5)

Shallow rifflesShallow riffles6060--65 65 
F:15.5F:15.5--
18.3C18.3C

May 1May 1--
July 15July 15

Common Common 
ShinerShiner

Gravel/roGravel/ro
ckycky
AkalAkal, , 
micro, micro, 
mesomeso

Swift/FlowingSwift/Flowing
1010--4545

ShallowShallow
<50cm<50cm

Shallow water, Shallow water, 
Isolated Pools and Isolated Pools and 
rifflesriffles

5757--68F68FLate Late 
SpringSpring

White SuckerWhite Sucker

OtherOtherSubstrSubstr
ateate

VelocityVelocityDepthDepthMesohabitatMesohabitatTemperTemper
atureature

DateDateFish Fish 
SpeciesSpecies

preferencepreference

FALLFISH
Presence (76% ) Beta

BOULDER 1.95
SHADING -1.07
DEPTH 0-25 cm -1.76
VELOCITY 45-60 cm/s 1.06
RUN -0.57

High abundance (60% )
Overhanging 
vegetation -0.97

WHITE SUCKER
Presence (95% ) Beta

DEPTH 75-100 cm 5.01
DEPTH 50-75 cm 2.19
MESOLITHAL              
(small cobble) 1.62
UNDERCUT BANK 1.66

High abundance (66% )
Depth 75-100 7.62

LONGNOSE DACE
Presence (92% ) Beta

RIFFLE 2.05
FAST RUN 2.45
XYLAL (wood) 4.60
RIPRAP 2.29

High abundance (73% )
VELOCITY 45-60 cm/s 3.35

BLACKNOSE DACE
Presence (94% ) Beta

DEPTH 0-25cm 3.03
BOULDER 2.57
SHADING -1.44
SHALLOW MARGIN 1.65
PELAL (mud) 3.09
VELOCITY 45-60 cm/s 1.46
Submerged 
vegetation -1.44

High abundance (79% )
MICROLITHAL             
(small gravel) -4.20

COMMON SHINER
Presence (80% ) Beta

BOULDER 1.71
RIPRAP 1.40
SHADING -1.48
DEPTH 50-75 cm -1.23

High abundance (69% )
BOULDER 1.68
SHADING -1.01

Habitat map fallfish site 4Habitat map fallfish site 4
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Habitat quality in site 4Habitat quality in site 4
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CUT curve 1949CUT curve 1949--19941994

0

5

10

15

20

25

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Cumulative continuous duration

C
on

tin
uo

us
 d

ur
at

io
n 

un
de

r 
th

re
sh

ol
d 

(d
ay

s)

Habitat ContinuousHabitat Continuous--UnderUnder--Threshold (CUT)Threshold (CUT)--curvescurves

0

10

20

30

40

50

0% 10% 20% 30% 40% 50% 60%
Cumulative duration (days) - %

C
on

tiu
ou

s 
ev

en
ts

 d
ur

at
io

n 
(d

ay
s)

22% habitat
24% habitat
26% habitat
30% habitat
32% habitat
34% habitat
36% habitat
38% habitat
40% habitat
42% habitat
44% habitat
46% habitat
28% habitat

Hydrological criteria setting CUTHydrological criteria setting CUT--curvescurves
Rearing and Growth 

0

5

10

15

20

25

30

35

0 10 20 30 40 50 60

Cumulative Duration (days)

D
ur

at
io

n 
C

on
tin

uo
us

 E
ve

nt
 

(d
ay

s)

0.30 cfsm
0.35 cfsm
0.40 cfsm
0.45 cfsm

Developing a Target Fish Developing a Target Fish 
Community to Assess Ecosystem Community to Assess Ecosystem 

IntegrityIntegrity

Todd RichardsTodd Richards
MA Division of Fisheries and MA Division of Fisheries and 

WildlifeWildlife
Todd.Richards@state.ma.usTodd.Richards@state.ma.us

ObjectivesObjectives

Provide a Methodology for DFW to Provide a Methodology for DFW to 
Describe the Characteristics of a Healthy, Describe the Characteristics of a Healthy, 
Stable River  Fish Community (Realistic Stable River  Fish Community (Realistic 
Expectation)Expectation)
Provide aProvide a MeasurableMeasurable Goal for RestorationGoal for Restoration

Developing a Target Fish Developing a Target Fish 
CommunityCommunity

Goal: “Define the fish community that is Goal: “Define the fish community that is 
appropriate for a natural river in southern appropriate for a natural river in southern 
New England” (Bain and New England” (Bain and MeixlerMeixler, 2000), 2000)
Assumption: Biological Integrity should be Assumption: Biological Integrity should be 
Maintained and is defined by “a balanced, Maintained and is defined by “a balanced, 
integrated, adaptive community” (Karr, integrated, adaptive community” (Karr, 
1991)1991)
Rivers Should Have River Fish Rivers Should Have River Fish 
CommunitiesCommunities
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Target Fish Community and Target Fish Community and 
Water Quality StandardsWater Quality Standards

Ipswich River “should Ipswich River “should 
resemble expected resemble expected 
native fluvialnative fluvial--
dominated fish dominated fish 
community”community”
QuinebaugQuinebaug River River 
”community of fish ”community of fish 
appropriate for a appropriate for a 
natural river in natural river in 
Southern NE”Southern NE”

CWA 101(a) …restore CWA 101(a) …restore 
“biological integrity”“biological integrity”
integrity = condition integrity = condition 
where natural structure where natural structure 
and function of and function of 
ecosystems is maintainedecosystems is maintained
MAWQS: “Aquatic Life” MAWQS: “Aquatic Life” 
= native, naturally diverse = native, naturally diverse 
community of aquatic community of aquatic 
flora  and faunaflora  and fauna

Assessing Ecosystem IntegrityAssessing Ecosystem Integrity

Define the Expected Riverine (Target) Define the Expected Riverine (Target) 
CommunityCommunity
Assess Current CommunityAssess Current Community
Compare Observed and TargetCompare Observed and Target

Habitat Use Categories Habitat Use Categories 
((HUC’sHUC’s))

What is  a River Fish?What is  a River Fish?

Fluvial SpecialistsFluvial Specialists-- FSFS--(Require flowing (Require flowing 
Water Water -- brook trout)brook trout)
Fluvial DependentsFluvial Dependents--FDFD-- (Need flowing (Need flowing 
water at some time in their life cycle water at some time in their life cycle -- white white 
sucker)sucker)
MacrohabitatMacrohabitat GeneralistsGeneralists--MGMG--(Don’t (Don’t 
require flowing water require flowing water -- largemouth bass)largemouth bass)

Generalist or “Pond” FishGeneralist or “Pond” Fish

Black Crappie Largemouth Bass

Bluegill Yellow PerchPumpkinseed

Fluvial or “River” FishFluvial or “River” Fish

Brook Trout Fallfish

Creek Chubsucker Tesselated Darter Common Shiner

Habitat Use Class ExamplesHabitat Use Class Examples
(Based on Bain, 1989)(Based on Bain, 1989)

Largemouth BassLargemouth Bass MGMG
BluegillBluegill MGMG
White SuckerWhite Sucker FDFD
Slimy SculpinSlimy Sculpin FSFS
FallfishFallfish FSFS
Longnose DaceLongnose Dace FSFS
Brook TroutBrook Trout FSFS
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Develop Reference ConditionDevelop Reference Condition

Identify Species Most Common in Quality Rivers Identify Species Most Common in Quality Rivers 
Most Common Species is Ranked #1, Second Most Common Species is Ranked #1, Second 
Most Common #2, etc.  Most Common #2, etc.  
Convert Species Ranks to Expected ProportionsConvert Species Ranks to Expected Proportions
Expected Proportions Used to Estimate Species Expected Proportions Used to Estimate Species 
Abundances in Abundances in Target CommunityTarget Community
Expected Composition Shown by Species, Habitat Expected Composition Shown by Species, Habitat 
Class and Pollution Tolerance Class and Pollution Tolerance 

Quinebaug Target Fish Quinebaug Target Fish 
CommunityCommunity

FallfishFallfish 3131 FSFS
Common ShinerCommon Shiner 1515 FSFS
White SuckerWhite Sucker 1010 FDFD
Longnose DaceLongnose Dace 88 FSFS
Blacknose DaceBlacknose Dace 66 FSFS
Tesselated DarterTesselated Darter 55 FSFS

Species Percent HUC

Target communityTarget community

Fallfish

White sucker

Common
shiner

Longnose dace

E blacknose dace

Tessellated darter

Yellow perch

Pumpkinseed

American eel

Target Community

Other

Bain & Meixler 2000

QuinebaugQuinebaug MainstemTargetMainstemTarget Fish Fish 
CommunityCommunity

FS 50%

MG 25% FD 25%

“Rivers Should
Have River Fish 
Communities”

Expected Condition
When Biological
Integrity is Maintained



15

QuinebaugQuinebaug MainstemMainstem

Target
Observed

MG 
42%

FS 24%

FD 34%
FS 50%

MG 25% FD 25%

Ipswich vs. Quinebaug MainstemIpswich vs. Quinebaug Mainstem
FD
3%

MG
93%

FS
4%

Ipswich Quinebaug

MG 
42%

FS 24%

FD 34%


